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Cross-Reference to Related Applications 

[0001] This application is divisional of commonly-owned, co-pending U.S. 

Patent Application No. 09/769,439, filed January 26, 2001, which is a 
continuation-in-part of commonly-owned, co-pending U.S. Patent Application 
No. 08/841,344, filed April 30, 1997, which are both incorporated herein by 
reference. 

Background of the Invention 

Field of the Invention 

[0002] The invention relates to the field of cardiology. More specifically, the 

invention relates to a method and kit for diagnosing and treating the heart by 
facilitating access to the pericardial space. 

Background Art 

[0003] An important problem in cardiology is the provision of a safe method 

and kit for diagnosing and treating the heart selectively and without 
thoracotomy (open chest surgery). Diagnosis or treatment may be 
pharmacologic or electrophysiologic. For example, in order to deliver 
electrical stimuli directly to the heart for the purpose of cardioversion or 
defibrillation, patients often undergo a thoracotomy under general anesthesia 
for attachment of a "patch" electrode to the epicardial surface. This procedure 
requires an extensive incision of the pericardium. The "patch" electrode 
provides a large electrode surface area in contact with the heart so that a 
sufficient mass of cardiac tissue may be depolarized. Thoracotomy creates the 
additional complication of wound healing. 
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[0004] It is desirable to provide a method and kit for placing the 

defibrillation/cardioversion electrodes in contact with the heart muscle without 
thoracotomy. U.S. Patent Nos. 4,181,562 and 4,319,562 to Crosby, and 
5,033,477 to Chin et al. disclose methods for placing electrodes in contact 
with the heart muscles from within the pericardial space without the need for 
thoracotomy. Access to the pericardial space is gained via a sub-xiphoid 
route. This involves penetrating the chest wall below the xiphoid process. 

[0005] The sub-xiphoid route has several disadvantages. First, because the 

pericardial sac which surrounds the heart is a tight-fitting fibrous membrane, 
the pericardial space is so small that it is difficult to penetrate the sac without 
also puncturing, and thereby, damaging the heart itself. Second, accessing the 
heart via the sub-xiphoid route entails a high risk of infection. These are 
likely to account for its failure to be adopted into common clinical practice. 

[0006] In fact, the sub-xiphoid route is presently used almost solely for 

pericardiocentesis, a process for the aspiration of excess fluid from the 
pericardial sac. Pericardiocentesis is normally performed to treat cardiac 
tamponade, a build-up of excess fluid in the pericardial sac. The excess fluid 
distends the pericardial sac away from the heart such that the risk of 
puncturing the heart is reduced, but the risk of infection remains high. 

[0007] U.S. Patent Nos. 4,884,567 to Elliott et al., 4,946,457 to Elliott, and 

4,998,975 to Cohen et al. disclose methods for transvenous implantation of 
electrodes into the pericardial space. A catheter is introduced through a vein 
to the atrium where the lateral atrial wall is penetrated in order to introduce 
electrodes into the pericardial space. A major problem encountered by these 
methods is how to penetrate the lateral atrial wall without also puncturing the 
tight- fitting pericardium. 

[0008] The methods of these patents attempt to solve this problem through 

several elaborate schemes. One scheme involves using complex catheters to 
attach to the lateral atrial wall and to pull it back away from the pericardium 
prior to penetrating the wall in order to avoid puncturing the pericardium. 
Another approach involves injecting a fluid into the pericardial space to 



distend the pericardium away from the lateral atrial wall prior to penetrating 
the wall. 

[0009] U.S. Patent No. 4,991,578 to Cohen discloses a method for implanting 

epicardial defibrillation electrodes into the pericardial space. The method 
involves entering the pericardial space via the sub-xiphoid route. As discussed 
above, it is difficult to penetrate the pericardial sac via the sub-xiphoid route 
without also puncturing, and thereby damaging, the heart itself. Like the 
method discussed directly above, the 6 578 patent discloses injecting a fluid 
into the pericardial space or attaching and pulling on a catheter to distend the 
pericardial sac away from the heart. 

[0010] Because each of these known methods is intrinsically cumbersome and 

hazardous, they have not gained widespread use. What is needed is a simpler, 
safer, and more effective way of accessing the pericardial space for delivery of 
electricity directly to the heart muscle. 

[0011] In addition to providing a convenient location for placement of 

electrodes, the confines of the pericardial sac provide an excellent opportunity 
to isolate the heart for treatment and diagnosis. By introducing pharmacologic 
agents directly into the pericardial sac, high cardiac drug concentrations can be 
achieved without spillage or systemic distribution to other organs or tissues. 

[0012] The pericardial sac has been used for containment of pharmacologic 

agents for a number of years in experimental settings, but delivery has 
heretofore required open chest surgery to access the pericardial space. U.S. 
Pat. Nos. 4,003,379 and 4,146,029 to Ellinwood disclose an implantable 
medication dispensing apparatus which is adapted to dispense drugs to the 
pericardial sac over a long period of time, for example, to prevent arrhythmias. 
The Ellinwood patents, however, do not teach a method for routing the drugs 
into the pericardial sac. 

[0013] U.S. Patent No. 5,269,326 to Richard L. Verrier discloses a method for 

transvenously accessing the pericardial space via the right auricle. The full 
text of the Verrier "326 patent is incorporated herein by reference as if 
reproduced in full below. The transvenous method described by Verrier 
overcomes the limitations noted above with prior methods by providing a 
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method for safely and reliably introducing a catheter and/or electrodes into the 
pericardial space. Each of the following embodiments of the present invention 
improve upon the Verrier '326 patent by providing a specific method for 
exploiting the route discovered by Verrier. 

Summary of the Invention 

[0014] The disclosed methods and kits for accessing the pericardial space take 

advantage of the fact that the right auricle is a thin-walled, low-pressure 
structure which can be readily penetrated without damaging the pericardium or 
the epicardium. A guide catheter is passed through a selected peripheral vein 
to establish a transvenous route to the right auricle of the heart. 

[0015] In one embodiment, an infusion guide wire and a leading guide wire 

are passed through the guide catheter and into the right auricle so that a distal 
end of the leading guide wire is positioned against a wall of the right auricle. 
The leading guide wire is located within a lumen of the infusion guide wire 
and preferably protrudes outward from a distal end of the infusion guide wire. 

[0016] The wall of the right auricle is then pierced with the distal end of the 

leading guide wire. This is preferably accomplished by simultaneously 
applying an axial force to a proximal end of the infusion guide wire and a 
portion of the leading guide wire that extends from the proximal end of the 
infusion guide wire until the distal end of the leading guide wire pierces the 
wall of the right auricle. It is noted that this can be successfully performed 
without attaching/fixing a distal end of the guide catheter to the wall of the 
right auricle. Alternatively, although not preferably, if the leading guide wire 
does not protrude from the distal end of the infusion guide wire, then the wall 
of the right auricle can be pierced by the distal end of the infusion guide wire. 

[0017] After the wall of the right auricle is pierced, the infusion guide wire 

and/or the leading guide wire can be advanced into the pericardial space. 
Once in position, the infusion guide wire and/or the leading guide wire can be 
used as a conduit over which a desired catheter may be introduced for 
performing a specific medical procedure. 
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[0018] To place the guide catheter in position, a peripheral vein such as one of 

the femoral veins is selected. An introducer sheath is then placed into the 
selected vein to protect the entry site. The guide catheter is introduced into the 
vein through the sheath and is guided downstream through the vein to one of 
the venae cavae, through the one venae cavae to the right atrium, and through 
the right atrium into the right auricle. If the jugular vein is selected for access, 
then the superior vena cava is employed as a route to the right atrium. 

[0019] The guide catheter is advanced into the apex of the right auricle so that 

a distal end of the guide catheter is placed against the wall of the right auricle. 
Fluoroscopic or echocardiography imaging can be used to visually follow the 
progress of the guide catheter into the right auricle. Proper placement of the 
guide catheter against the wall of the right auricle is confirmed when the distal 
end of the guide catheter moves with the beating of the heart. 

[0020] Fluoroscopic or echocardiographic imaging can also be used to 

visually follow the progress of the infusion guide wire and/or the leading 
guide wire into the pericardial space. Proper placement of the infusion guide 
wire and/or leading guide wire in the pericardial space can be confirmed when 
a distal portion of the infusion guide wire and/or leading guide wire begins to 
take the shape of the contour of the heart. 

[0021] In a preferred embodiment, the infusion guide wire and the leading 

guide wire are simultaneously advanced into the pericardial space. Once the 
pair of guide wires is in position within the pericardial space, the leading guide 
wire may be removed. Thereafter, the lumen of the infusion catheter can be 
used to deliver a substance to or remove a substance from the pericardial 
space. 

[0022] Additionally, the infusion guide wire and/or the leading guide wire 

may also act as an electrode for sensing or delivering an electrical signal. One 
of the guide wires may also embody a fiber optic device or other instrument. 

[0023] Alternatively, any number of different procedure-specific catheters 

may be introduced to the pericardial space by passing them over the infusion 
guide wire and/or the leading guide wire (i.e., the lumen of the procedure- 
specific catheter is threaded over one or both guide wires). Once a specific 



-6- 



catheter is positioned within the pericardial space, a medical procedure may be 
performed on the heart. Such medical procedures include, for example, the 
delivery of an electrical signal for pacing, cardioverting and/or ablating 
arrhythmias; the sensing of an electrocardiogram (ECG) signal; the acute or 
chronic delivery of a pharmacologic agent; the delivery of a dye or imaging 
agent; the withdrawal of a fluid sample for analysis; and the withdrawal of 
fluid for treatment of cardiac tamponade; the imaging/inspecting of heart 
muscles and coronary arteries for detection of damage and disease; the 
mapping of electrophysical properties of the heart including excitation and 
repolarization; and the performing of a surgical procedure. 

[0024] In another embodiment of the invention, the guide catheter includes 

means for monitoring blood pressure and electrocardiogram. These features 
permit placement of the guide catheter into position in the right atrium using 
electrical and/or hemodynamic indices. 

[0025] An advantage of the invention is that successful placement of at least 

one of the infusion guide wire and the leading guide wire into the pericardial 
space can be confirmed without the need to inject a radiopaque dye. In 
addition, the guide wires can be used to maintain a stable point of entry into 
the pericardial space to permit repeated successive introduction of different 
intrapericardial catheters. 

[0026] Another advantage of the invention is that the availability of a 

steerable guide wire permits accurate positioning of an intrapericardial 
catheter at any location within the pericardial space. 

[0027] A further advantage is that the invention combines off-the-shelf 

catheters and guide wires to perform certain preferred embodiments of the 
present invention. 

[0028] The foregoing and other features and advantages of the invention will 

be apparent from the following more particular description of preferred 
embodiments of the invention, as illustrated in the accompanying drawings. 
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Brief Description of the Drawings 

[0029] FIG. 1 is a simplified diagram of a human heart with a portion of 

pericardium 102 cut away. 
[0030] FIG. 2 is a flow chart showing a high level depiction of the present 

invention. 

[0031] FIG. 3 is a flow chart showing a method of the invention for 

introducing a guide wire into the pericardial space via a transvenous route, 
according to an embodiment of the present invention. 

[0032] FIG. 4, which is used to explain the method of FIG. 3, is a simplified 

diagram of a human heart as shown in FIG. 1 but with a portion of the right 
atrium cut away to show the introduction of catheters into the right auricle. 

[0033] FIG. 5 is a fluoroscopic image showing positioning of a guide catheter 

into the right auricle. 

[0034] FIG. 6 is a fluoroscopic image showing positioning of a needle 

catheter through the guide catheter so that a distal tip of the needle catheter is 

penetrating a wall of the right auricle. 
[0035] FIG. 7 is a fluoroscopic image showing introduction of a guide wire 

into the pericardial space through the right auricle. 
[0036] FIG. 8 is a fluoroscopic image showing introduction of an angioplasty 

catheter over the guide wire and into the pericardial space. 
[0037] FIG. 9 is a flow chart showing a method of the invention for 

introducing one or more guide wires into the pericardial space via a 

transvenous route, according to an alternative embodiment of the present 

invention. 

[0038] FIG. 10, which is used to explain the method of FIG. 9, is a simplified 

diagram of a human heart as shown in FIG. 1 but with a portion of the right 
atrium cut away to show the introduction of a catheter and into the right 
auricle and the introduction of an infusion guide wire and a leading guide wire 
through the wall of the right auricle and into the pericardial space. 
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Description of the Preferred Embodiments 

[0039] The preferred embodiments of the invention is discussed with 

reference to the figures in which like reference numbers indicate like elements. 
Furthermore, the left most digit of each reference number indicates the number 
of the figure in which the number first appears. While specific part numbers 
and configurations are discussed, it should be understood that this is done for 
illustration purposes only. A person skilled in the art will recognize that other 
components and configurations may be used without departing from the spirit 
and scope of the invention. 

[0040] The invention relates to methods and kits for treating and diagnosing 

the heart selectively via the pericardial space without surgical trauma or the 
risks of general anesthesia and infection. Neither thoracic nor sub-xiphoid 
access is utilized, and there is minimal risk of damage to the pericardium or 
the epicardium. The methods and kits take advantage of the fact that the 
pericardial sac isolates the heart such that it may be treated or diagnosed 
separately from the remainder of the body. Because of its feasibility and 
safety, these methods and kits could lead to common usage by cardiologists 
and open up the field of pericardial therapy. Heretofore there has been 
reluctance to pursue this field because of the hazardous and cumbersome 
nature of existing techniques for accessing the pericardial space. 

[0041] FIG. 1 shows a heart 100 isolated from the body. Blood is returned to 

the heart by the superior vena cava 114 and the inferior vena cava 116. The 
pericardium or pericardial sac 102 encases the cardiac muscle (i.e., 
epicardium, myocardium and endocardium). A portion of pericardium 102 
has been removed to show the underlying cardiac muscle including the right 
atrium 110. The cut edge of pericardium 102 is designated 104. The small 
space which is present between the heart muscle and pericardium 102 is 
known as the pericardial space 106. 

[0042] In the above referenced U.S. Patent No. 5,269,326 to Richard L. 

Verrier, Verrier teaches that the right atrial appendage or right auricle 108 is 
an ideal site for entry into the pericardial space. A transvenously guided 
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catheter can be made to penetrate the thin wall of right auricle 108 at its apex 
112. Verrier teaches accessing the right auricle 108 via conventional venae 
cavae routes. The present invention improves upon the method taught by 
Verrier in the '326 patent and provides specific methods that can be used to 
exploit the route discovered by Verrier. Further, the present invention 
provides improved methods and kits for penetrating the thin wall of right 
auricle 108. 

[0043] FIG. 2 is a high level flow chart illustrating the steps of gaining access 

to the pericardial space to perform a medical procedure. In a step 202, at least 
one guide wire is introduced into the pericardial space via a transvenous route. 
In step 204, the guide wire(s) is used to guide a procedure specific catheter 
into the pericardial space. This is typically done by threading a catheter with a 
hollow lumen over the guide wire(s) so that the guide wire(s) passes through 
the lumen of the catheter as it is maneuvered into position. The procedure 
specific catheter may be, for example, a catheter specifically configured to 
sense electrical energy (an electrocardiogram) from the epicardium, to deliver 
electrical energy to the heart for pacing or ablating or cardioverting 
arrhythmias, to acutely or chronically deliver a pharmacologic agent or other 
substance to the pericardial space, or to remove fluid from the pericardial 
space. Alternatively, a guide wire that is used to gain access to the pericardial 
space can itself be used to perform a specific procedure. Accordingly, it may 
not be necessary to guide any other device into the pericardial space. 

[0044] Finally, in a step 206, the medical procedure is performed on the heart 

via the pericardial space. Any number of procedures may be performed on the 
heart once the guide wire(s) is in place. In addition, catheters may easily be 
swapped in and out with little risk to the patient. Thus, an important part of 
the invention is the method for positioning the guide wire(s) into the 
pericardial space via the transvenous route. 

[0045] In an embodiment of the invention, at least one guide wire is left in 

place during the medical procedure. Thus, if a different catheter is 
subsequently required, it may be threaded over the guide wire(s) and into the 
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pericardial space. In an alternate embodiment of the invention, the guide 
wire(s) may be removed after the procedure specific catheter is put in place. 
[0046] If subsequent introduction of other catheters is desired, a guide wire 

may be put back into position in the pericardial space by passing it back 
through the lumen of the procedure specific catheter before the procedure 
specific catheter is removed. Alternatively, a guide wire may be put back in 
position in the pericardial space after the procedure specific catheter is 
removed. 

[0047] For a first embodiment, step 202 of positioning the guide wire in the 

pericardial space is shown in greater detail with reference to FIGS. 3 and 4. 
FIG. 3 illustrates the steps of the method. FIG. 4 shows the heart 100 of FIG. 
1 with a cutaway 404 to illustrate passage of various catheters 401-403 
through inferior vena cava 116, through right atrium 110 and into right auricle 
108 as described with reference to FIG. 3. 

[0048] In a step 302, a peripheral vein is selected as an access site. The 

Verrier 6 326 patent teaches a variety of peripheral veins that can be used. For 
example, if a femoral route is chosen, the great saphenous vein, superficial 
femoral vein or deep femoral vein can be used. Each of these veins leads 
downstream to the external iliac vein and finally to the inferior vena cava. If a 
jugular route is chosen, then access to the right atrium will be made through 
the superior vena cava. 

[0049] In a step 304, the access site is prepared by placing an introducer 

sheath into the vein. The introducer sheath will protect the entry site and 
facilitate entry into the vein. The sheath is preferably a self-sealing sheath that 
will prevent bleeding. Such sheaths are commercially available and are 
commonly used for angioplasty and angiography procedures. 

[0050] In a step 306, a guide catheter 401 is passed through the introducer 

sheath, through the peripheral vein, through any downstream veins and into 
one of the venae cavae. From the selected one of the venae cavae, the catheter 
is passed into the right atrium and into the right auricle. Using fluoroscopic or 
echocardiographic guidance, the distal tip of guide catheter 401 is placed 
against the wall of right auricle 108 at apex 112. Proper placement of guide 
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catheter 401 against the wall of the right auricle is then confirmed when the 
distal end of guide catheter 401 moves with the beating of the heart. In the 
case of a femoral route, for example, guide catheter 401 may be introduced 
into one of the femoral veins and then passed through the external iliac vein, 
through inferior vena cava 116 and into right atrium 110. 

[0051] In this embodiment, a 7French, multipurpose catheter, available from 

Cordis Corporation, Miami Lakes, Florida, has typically been employed for 
guide catheter 401. However, larger or smaller catheters can be selected to 
accommodate the devices to be introduced therethrough. In an alternate 
embodiment of the invention, guide catheter 401 may include means for 
monitoring blood pressure and electrocardiogram. These features permit 
placement of the guide catheter into position in the right atrium using 
electrical and/or hemodynamic indices. 

[0052] In a step 308, a needle catheter 402 is passed through a lumen of guide 

catheter 401. Needle catheter 402 is advanced through guide catheter 401 
until the distal end of needle catheter 402 extends out from the distal end of 
guide catheter 401. The distal end of needle catheter 402 may then be urged 
against the wall of right"auricle 108 by placing a slight force on the proximal 
end of needle catheter 402. 

[0053] In the animal experiments discussed below, the inventors implemented 

needle catheter 402 by cutting 4 mm from the distal tip of a 23 gauge needle. 
This 4mm portion of the 23 gauge needle was then inserted 2mm into the end 
of a 3French transit catheter so that 2mm of the distal tip of the needle 
extended out from the distal end of the transit catheter. A snug fit of the 
needle into the lumen of the transit catheter was achieved. In an alternate 
embodiment, needle catheter 402 may be implemented using any catheter, 
needle or wire that has a hollow lumen and can>e used to pierce the wall of 
right auricle 108. For example, needle catheter 108 may be implemented 
using a long Brockenbrough-type needle, available from U.S. Catheter 
Instrument Company (USCI), Billerica, Massachusetts. 

[0054] In a step 310, the distal end of needle catheter 402 is used to pierce the 

wall of right auricle 108 to gain access to the pericardial space. In the 
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preferred embodiment, this is accomplished by simply holding the distal end 
of needle catheter 402 in contact with the atrial wall at apex 112. As the heart 
contracts, the atrial wall will be further urged against the sharp tip of needle 
catheter 402. After a short period of time has elapsed (e.g., 30 to 60 seconds), 
needle catheter 402 will pierce through the wall of right auricle 108 as a result 
of the mechanical motion of the heart while it beats. This method is preferred 
to any method that involves piercing the wall by simply applying a force to the 
proximate end of needle catheter 402. Any method that forces needle catheter 
402 through the atrial wall by applying a large pushing force may have a 
higher risk that the catheter may go through the wall and damage other heart 
tissue or even a coronary vessel within the pericardial space. The inventors 
believe that the risk of damage to the heart is greatly reduced if the natural 
movement of the heart is allowed to cause the penetration. 

[0055] In a step 312, a guide wire 403 is advanced through the lumen of 

needle catheter 402 and into the pericardial space. As guide wire 403 is being 
pushed into the pericardial space, fluoroscopic or echocardiographic imaging 
can be used to confirm, as shown in step 314, that guide wire 403 is actually 
being advanced into the pericardial space as it exits the distal end of needle 
catheter 402. For example, as guide wire 403 is pushed two to three inches 
into the pericardial space, it will begin to take the shape of the space that it is 
being pushed into. When guide wire 403 begins to take the shape of the 
contour of the heart, the clinician will note this in the fluoroscopic or 
echocardiographic image. In the preferred embodiment, guide wire 403 is a 
0.014 inch, Wizdom guide wire, available from Cordis Corporation. 

[0056] Once guide wire 403 is in position within the pericardial space, the 

needle catheter may be removed. Thereafter, any number of different 
procedure-specific catheters (including surgical instruments such as fiber optic 
imaging devices) may be introduced to the pericardial space by passing them 
over the guide wire (i.e., the lumen of the procedure-specific catheter is 
- threaded over the guide wire). Once a specific catheter is positioned within 
the pericardial space, a medical procedure may be performed on the heart. 
Such medical procedures include, for example, the delivery of an electrical 
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signal for pacing, cardioverting and/or ablating arrhythmias; the sensing of an 
electrocardiogram (ECG) signal; the acute or chronic delivery of a 
pharmacologic agent; the delivery of a dye or imaging agent; the withdrawal 
of a fluid sample for analysis; and the withdrawal of fluid for treatment of 
cardiac tamponade. 

[0057] For delivery of electrical energy to the heart or for sensing the 

electrical activity from the heart, an electrode catheter can be used. Such a 
catheter may comprise a single electrode or an array of many electrodes. For 
delivery of a pharmacologic agent (i.e., a drug) to the heart, the distal end of 
the delivery catheter can be positioned within the pericardial space so that a 
drug can be directed to a specific location within the myocardium, such as the 
fat pad near the coronary vessels. 

[0058] In an alternate embodiment of the invention, once the guide wire is in 

position, it may not be necessary to guide any other device into the pericardial 
space. The guide wire itself may be used to remove or introduce small 
quantities of fluid from or into the pericardial space, or to act as an electrode 
for sensing or delivering an electrical signal. The guide wire may also 
embody a fiber optic device or other instrument. 

[0059] In a preferred implementation of this method of the invention, guide 

catheter 401 is left in position until any medical procedure is completed. 
Guide catheter 401 protects the tissue of the veins along the venous route to 
the heart from damage when one or more catheters are introduced, 
manipulated and eventually removed from the pericardial space. However, 
with guide wire 403 in position, guide catheter 401 is not required and may be 
removed if desired. 

[0060] This embodiment of the present invention may be used to place a 

catheter in the heart for both acute and chronic use. For chronic implantations, 
guide wire 403 may be removed after a desired catheter has been positioned as 
desired. For example, a drug delivery catheter or a pacing electrode may be 
left in place for chronic use. Various known methods may be used to secure 
the drug delivery catheter or electrode at the puncture site in the atrial wall. 
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[0061] In the preferred embodiment of the invention, the apex of the right 

auricle is pierced to access the pericardial space. The inventors note, however, 
that the method of the invention may also be used to enter the pericardial 
space through any other portion of the right atrium. 

[0062] The inventors have conducted animal experiments to confirm the 

efficacy of the above-described method. Using six, adult dogs, seventeen 
attempts were made to position a guide wire into the pericardial space using a 
femoral vein or a jugular vein for access. All seventeen attempts were 
successful with no internal bleeding and no complications. In one animal, 
65ml of anticoagulated blood was first introduced into the pericardial space to 
simulate tamponade. The blood was successfully removed without 
complication. 

[0063] Placement of guide catheter 401 into position over the venous route to 

the right atrium took approximately five minutes. Once guide catheter 401 
was in position, placement of guide wire 403 into the pericardial space took 
approximately three additional minutes. Fluoroscopic imaging was used 
during catheterization to monitor progress. The results were confirmed by 
thoracotomy. 

[0064] FIGS. 5-8 are fluoroscopic images taken during one of the animal 

experiments. Referring first to FIG. 5, guide catheter 401 is shown positioned 
within the right atrium of the heart with a distal tip 502 of catheter 401 
positioned closely adjacent to the wall of the right auricle. FIG. 6 is similar to 
FIG. 5 but, in FIG. 6, needle catheter 402 has been advanced through guide 
catheter 401 so that a distal tip 602 is extending out from distal tip 502 of 
guide catheter 401. In this image, distal tip 602 of needle catheter 402 has 
penetrated the wall of the right auricle. 

[0065] FIG. 7 shows extension of guide wire 403 out from guide catheter 401 

and into the pericardial space. Note how guide wire 403 conforms to the 
shape of the contour of the heart. FIG. 8 is similar to FIG. 7, but in FIG. 8, 
an angioplasty catheter 801 having a radiopaque marker 802 at its distal tip 
has been advanced over guide wire 403 and into the pericardial space. 



- 15 - 



[0066] As mentioned above, there are many advantages of using a guide wire 

to assist in performing medical procedures via the pericardial space. First, the 
successful placement of a guide wire into the pericardial space can be 
confirmed without the need to inject a radiopaque dye. Also, a guide wire 
maintains a stable point of entry into the pericardial space to permit repeated, 
successive introduction of different intrapericardial catheters. Additionally, 
use of a guide wire helps to prevent trauma to the epicardium and pericardium 
of a patient's heart. That is, use of a guide wire permits catheters to easily be 
swapped in and out with little risk to a patient. Furthermore, a guide wire 
permits accurate positioning of an intrapericardial catheter at any location 
within the pericardial space. 

[0067] The inventors have also discovered that a guide wire can be used to 

perform the actual piercing of the wall of right auricle 108. That is, the 
following methods use an appropriate guide wire, rather than needle catheter 
402, to pierce the wall of right auricle 108. Because a guide wire is already 
located within the pericardial space once the guide wire pierces the wall of 
right auricle 108, there is no need to advance an additional guide wire 403 into 
the pericardial sac. Thus, the following methods can reduce the total number 
of steps required to perform a medical procedure on the heart via the 
pericardial space. Accordingly, the following methods can reduce the total 
amount of time that it takes to perform a medical procedure on the heart via 
the pericardial space. Additionally, the following methods can be performed 
using a novel combination of appropriate off-the-shelf guide wires and thereby 
avoid the necessity for a customized needle catheter 402. 

[0068] The high level flow chart of FIG. 2 can also be used to describe the 

steps of gaining access to the pericardial space using alternative methods. 
However, as will be explained below, the implementation of step 202 is 
different. Additionally, the implementation of steps 204 and 206 may be 
different than the implementation used in the method described above in the 
discussion of FIGS. 3-8. 

[0069] For these alternative methods, step 202 of positioning a guide wire in 

the pericardial space is shown in greater detail with reference to additional 
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FIGS. 9 and 10. FIG. 9 illustrates the steps of the alternative methods. FIG. 
10 shows the heart 100 of FIG. 1 with a cutaway 404 to illustrate passage of 
guide catheter 401 and guide wires 1002, 1003 through inferior vena cava 116, 
through right atrium 110 and into right auricle 108 as described with reference 
to FIG. 9. FIG. 10 also shows the distal ends of guide wires 1002, 1003 
advanced through the wall of right auricle 108 and into the pericardial space. 

[0070] In one embodiment, two guide wires are used to access the pericardial 

space. One guide wire, having a larger diameter and a hollow lumen, is 
referred to as infusion guide wire 1002. The other guide wire, which has a 
smaller diameter and is used to pierce the wall of right auricle 108, is referred 
to as leading guide wire 1003. Leading guide wire 1003 may or may not have 
a hollow lumen. As will be described below, in the preferred embodiment the 
two guide wires 1002, 1003 are used together as a system. 

[0071] Steps 902, 904, and 906 are substantially the same as steps 302, 304, 

and 306, respectively, which are discussed in detail above. Accordingly, 
reference should be made to steps 302, 304, and 306 for additional details. In 
a step 902, a peripheral vein is selected as an access site. In a step 904, the 
access site is prepared by placing an introducer sheath into the vein. In a step 
906, a guide catheter 401 is passed through the introducer sheath, through the 
peripheral vein, through any downstream veins and into one of the venae 
cavae. 

[0072] Guide catheter 410 must have a sufficient length and a sufficient 

flexibility to be inserted into the right atrium of a subject's heart via a 
transvenous route. In this embodiment, an 8French, multipurpose catheter, 
available from Boston Scientific Corporation, Natick, Massachusetts, has 
typically been employed for guide catheter 401 . However, larger or smaller 
catheters of different shapes, depending on the vein of entry, can be selected to 
accommodate the devices to be introduced therethrough. In an alternate 
embodiment of the invention, guide catheter 401 may include means for 
monitoring blood pressure and electrocardiogram. These features permit 
placement of the guide catheter into position in the right atrium using 
electrical and/or hemodynamic indices. 
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[0073] In a step 908, an infusion guide wire 1002 and a leading guide wire 

1003 are simultaneously passed through guide catheter 401. Leading guide 
wire 1003 is located within a lumen of infusion guide wire 1002 and can be 
extended from a distal end of infusion guide wire 1002. Leading guide wire 
1003 is preferably pre-disposed within the lumen of infusion guide wire 1002 
and preferrably protrudes approximately 2mm from the distal end of infusion 
guide wire 1002. Preferably, the pair of guide wires 1002, 1003 are 
simultaneously advanced through guide catheter 401 until a distal tip of 
leading guide wire 1002 is urged against the wall of right auricle 108 by 
placing a slight axial force on the proximal ends of the pair of guide wires 
1002, 1003. Alternatively, infusion guide wire 1002 and leading guide wire 
1003 are separately advanced through guide catheter 401. It is noted that the 
piercing of the wall of right auricle is performed without attaching a distal end 
of a guide catheter 401 to the wall of the right auricle. 

[0074] Infusion guide wire 1002 and leading guide wire 1003 should have 

sufficient flexibility to permit them to be passed through guide catheter 401 
and into right atrium 110 of the subject's heart via a transvenous route. 
Infusion guide wire 1002 should have a diameter sufficiently small to be 
passed through a lumen of guide catheter 401. Further, infusion guide wire 

1002 should have a sufficient length to be passed through guide catheter 401 
and into right atrium 110 of the subject's heart via a transvenous route. 
Leading guide wire 1003 should have a diameter sufficiently small to be 
passed through a lumen of infusion guide wire 1003. Further, leading guide 
wire 1003 should have a sufficient length to pass through and protrude from a 
distal end of infusion guide wire 1002. Preferably, leading guide wire 1003 
has a length that is substantially longer than infusion guide wire 1002. This is 
so that a portion of leading guide wire 1003, which protrudes from a proximal 
end of infusion guide wire 1003, can be used to maneuver leading guide wire 

1003 either independently from or simultaneously with infusion guide wire 
1002. This also enables leading guide wire 1003 to be easily used as an 
exchange wire. 
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[0075] In one embodiment, the proximal end of infusion guide wire 1002 

includes a locking device (not shown) to lock leading guide wire 1003 within 
infusion guide wire 1003. Such a locking device may include a lock lever that 
when engaged holds leading guide wire 1003 at a specific position within 
infusion guide wire 1002. This locking device is useful when attempting to 
simultaneously maneuver infusion guide wire 1002 and leading guide wire 
1003. Further, a proximal end of the locking device can include a screwable 
knob that enables a syringe to be easily attached to infusion guide wire 1002. 
The syringe can be used to aspirate a substance from or deliver a substance to 
the pericardial sac. Alternatively, the locking function described above can be 
accomplished using the thumb and an additional finger (e.g., index finger) of 
the individual performing the procedure. 

[0076] In a step 910, the distal end (more specifically, the tip of the distal 

end) of leading guide wire 1003 is used to pierce the wall of right auricle 108 
to gain access to the pericardial space. In one embodiment, this is 
accomplished by simultaneously applying an axial force to a proximal end of 
infusion guide wire 1002 and to a portion of leading guide wire 1003 that 
protrudes from the proximal end of infusion guide wire 1003 until the distal 
end of the leading guide wire pierces the wall of right auricle 108. In other 
words, both infusion guide wire 1002 and leading guide wire 1003 are grasped 
near the proximal end of infusion guide wire and advanced into guide catheter 
401 until leading guide wire 1003 pierces the wall of right auricle 108. 
Alternatively, an axial force can be applied to only the portion of leading 
guide wire 1003 that protrudes from the proximal end of infusion guide wire 
1003, thereby causing leading guide wire 1003 to advance independent from 
infusion guide wire 1002. Where the locking device described above is used, 
an axial force can be applied to the locking device. 

[0077] In another embodiment, the piercing of the wall of right auricle 108 is 

accomplished by holding the distal tip of leading guide wire 1003 in contact 
with the atrial wall at apex 112. As the heart contracts, the atrial wall will be 
further urged against the distal tip of leading guide wire 1003. After a short 
period of time has elapsed (e.g., 30 to 60 seconds), leading guide wire 1003 
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will pierce through the wall of right auricle 108 as a result of the mechanical 
motion of the heart while it beats. However, in this embodiment of the present 
invention, use of the mechanical motion of the heart is less important than 
when a needle catheter is used to pierce since the flexible leading guide wire 
1003 is less likely to go through the wall of right auricle 108 and damage other 
heart tissue or a coronary vessel within the pericardial space. More generally, 
the inventors believe that the risk of damage to the heart is greatly reduced 
when a flexible leading guide wire, as opposed to a non-flexible needle, is 
used to penetrate the wall of right auricle 108. This is true whether the 
penetration is caused by the mechanical motion of the heart, or by an axial 
force applied to a proximal portion of leading guide wire 1003. 

[0078] Even though not optimal, it is noted that once leading guide wire 1003 

and infusion guide wire 1002 are advanced through guide catheter 401 and in 
into right auricle 108, a distal end (more specifically, the tip of the distal end) 
of infusion guide wire 1002, rather than the distal end of leading guide wire 
1003, can be used to pierce the wall of right auricle 108. Also, if the distal 
ends of leading guide wire 1003 and infusion guide wire 1002 are aligned, 
then the distal ends of leading guide wire 1003 and infusion guide wire 1002 
can be use to simultaneously pierce the wall of right auricle 108. 

[0079] Leading guide wire 1003 should have a sufficient stiffness such that its 

distal tip is capable of penetrating the wall of right auricle 108 of the subject's 
heart, while having a sufficient flexibility to not damage the epicardium and 
pericardium within the pericardial sac. Leading guide wire 1003 preferably 
has a diameter in the range of 0.010 inches to 0.018 inches, with an optimal 
diameter of approximately 0.014 inches. Infusion guide wire 1002 preferably 
has a diameter of approximately 0.04 inches. 

[0080] In the animal experiments discussed below, the inventors used a 

leading guide wire 1003 having a 0.014 inch diameter and a length of 300 
centimeters, available from Cordis Corporation, Miami Lakes, Florida, (sold 
as the "Stabilizer" guide wire) and an infusion guide wire 1002 having a 0.038 
inch diameter and a 145 centimeter length, available from C.R. Bard 
Incorporated, headquartered in Murray Hill, New Jersey (sold as the "SOS 
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Open Ended Guidewire"). Prior to advancing the pair of guide wires 1002, 
1003 through guide catheter 401, leading guide wire 1003 is positioned within 
infusion guide wire 1002 by advancing leading guide wire 1003 through 
infusion guide wire 1002 until approximately 2mm of the distal end of leading 
guide wire 1003 extends out from the distal end of infusion guide wire 1002. 
This effectively increases the stiffness of leading guide wire 1003 while not 
effecting the sharpness of its distal tip. A locking device as described above is 
preferably used to keep leading guide wire 1003 in place within infusion guide 
wire 1002. 

[0081] Returning to the flowchart of FIG. 9, in a step 912, at least one of 

infusion guide wire 1002 and/or leading guide wire 1003 is advanced through 
the atrial wall and into pericardial space 106. In step 914, as infusion guide 
wire 1002 and/or leading guide wire 1003 are being pushed into the pericardial 
space, fluoroscopic or echocardiographic imaging can be used to confirm that 
infusion guide wire 1002 and/or leading guide wire are actually being 
advanced into the pericardial space as they exit the distal end of guide catheter 
401. In a preferred embodiment, infusion guide wire 1002 and leading guide 
wire 1003 are simultaneously advanced into the pericardial space. Infusion 
guide wire 1002 and leading guide wire 1003 should each have sufficient 
flexibility to permit them to conform at least partially to the contour of the 
heart when they extend outward from a distal tip of guide catheter 401 and 
into the pericardial space. Accordingly, as infusion guide wire 1002 and/or 
leading guide wire 1003 are pushed two to three inches into the pericardial 
space, they will begin to take the shape of the space. When infusion guide 
wire 1002 and/or leading guide wire 1003 begin to take the shape of the 
contour of the heart, the clinician will note this in the fluoroscopic or 
echocardiographic image. In this manner, the clinician confirms proper 
placement of infusion guide wire 1002 and/or leading guide wire 1003 within 
the pericardial space. 

[0082] Once at least one of infusion guide wire 1002 and/or leading guide 

wire 1003 are in position within the pericardial space, any number of different 
procedure-specific catheters (including surgical instruments such as fiber optic 
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imaging devices) may be introduced to the pericardial space by passing them 
over the infusion guide wire 1002 and/or leading guide wire 1003 (i.e., the 
lumen of the procedure-specific catheter is threaded over one or both guide 
wires 1002, 1003). 

[0083] Once a specific catheter is positioned within the pericardial space, a 

medical procedure may be performed on the heart. Such medical procedures 
include, for example, the delivery of an electrical signal for pacing, 
cardioverting and/or ablating arrhythmias; the sensing of an electrocardiogram 
(ECG) signal; the acute or chronic delivery of a pharmacologic agent; the 
delivery of a dye or imaging agent; the withdrawal of a fluid sample for 
analysis and/or diagnostic applications; the withdrawal of fluid for treatment 
of cardiac tamponade; the imaging/inspecting of heart muscles and coronary 
arteries for detection of damage and disease; the mapping of electrophysical 
properties of the heart including excitation and repolarization; and the 
performing of a surgical procedure. 

[0084] For delivery of electrical energy to the heart or for sensing the 

electrical activity from the heart, an electrode catheter can be used. Such a 
catheter may comprise a single electrode or an array of many electrodes. For 
imaging/inspecting of heart muscles and coronary arteries, a catheter including 
a fiber optic device or ultrasound device can be used. For mapping of 
electrophysical properties a catheter including an electromagnetic field 
apparatus can be used. For performing of a surgical procedure, a laser catheter 
or other type of surgical catheter can be used. For delivery of a pharmacologic 
agent (i.e., a drug) to the heart, the distal end of the delivery catheter can be 
positioned within the pericardial space so that a drug can be directed to a 
specific location within the myocardium, such as the fat pad near the coronary 
vessels. Such a pharmacologic agent can be an anti-inflammatory agent, an 
antibacterial agent, an antiviral agent, or a growth agent. Other types of 
substances that can be delivered to the pericardial space include, for example, 
biological agents, lubricants, and polymers. In the preferred embodiment, 
where infusion guide wire 1002 and leading guide wire 1003 are 
simultaneously advanced into the pericardial space, one or both of guide wires 
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1002, 1003 may act as an electrode for sensing or delivering an electrical 
signal. Further, leading guide wire 1003 can be removed so that the lumen of 
infusion guide wire 1002 can be used to deliver a substance or remove a 
substance from the pericardial space. Accordingly, it may not be necessary to 
guide any other device into the pericardial space. 

[0085] Where it is necessary to guide a specific catheter into the pericardial 

space, the specific catheter may be guided over one or both of infusion guide 
wire 1002 and leading guide wire 1003. Accordingly, either of infusion guide 
wire 1002 or leading guide wire 1003 may be removed prior to a specific 
catheter being guided into the pericardial space. Where a lumen of a specific 
catheter is to be used to remove a substance or deliver a substance to the 
pericardial space while a guide wire remains in place, the specific catheter is 
preferably guided over only the leading guide wire 1003. Once a specific 
catheter is guided into proper position within the pericardial space, infusion 
guide wire 1002 and/or leading guide wire 1003 can be removed if desired. 

[0086] In a preferred implementation, guide catheter 401 is left in position 

until any medical procedure is completed. Guide catheter 401 protects the 
tissue of the veins along the venous route to the heart from damage when one 
or more catheters are introduced, manipulated and eventually removed from 
the pericardial space. Guide catheter 401 also provides support to traverse the 
atrial wall with guide wires 1002, 1003 and the various catheters discussed 
above. However, when at least one of infusion guide wire 1002 and leading 
guide wire 1003 is in position, guide catheter 401 is not required and may be 
removed if desired. 

[0087] These alternative embodiments of the present invention may be used to 

place a catheter in the heart for both acute and chronic use. For chronic 
implantations, infusion guide wire 1002 and leading guide wire 1003 may be 
removed after a desired catheter has been positioned as desired. For example, 
a drug delivery catheter or a pacing electrode may be left in place for chronic 
use. Various known methods may be used to secure the drug delivery catheter 
or electrode at the puncture site in the atrial wall. 
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[0088] If leading guide wire 1003 is not sufficiently flexible, it may perforate 

the epicardium and/or pericardium once within the pericardial space. If 
leading guide wire 1003 is too flexible, it may not be capable of piercing the 
wall of right auricle 108. Additionally, if the leading guide wire is too 
flexible, it may collapse or fold once within the pericardial space rather than 
conforming to the contour of the heart. A collapsed or folded guide wire 
would not be useful for confirming proper placement within the pericardial 
space or for guiding catheters into the pericardial space. Accordingly, tests 
were performed to determine the optimal characteristics of leading guide wire 
1003. 

[0089] The results of the tests showed that a preferred suitable diameter of 

leading guide wire 1003 is 0.0136 inches. More specifically, a leading guide 
wire 1003 having a 0.0136 inch diameter provided the appropriate perforating 
force with a minimal amount of axial force. Additionally, a leading guide 
wire 1003 having a 0.0136 inch diameter provided sufficient flexibility to not 
inadvertently perforate the epicardium and/or pericardium of a patient's heart. 
Further, a leading guide wire 1003 having a 0.0136 inch diameter provided the 
appropriate flexibility to conform to the contour of the heart. Although they 
may not all be optimal, leading guide wires 1003 having a diameter between 
0.010 inches and 0.018 inches have acceptable characteristics to be effectively 
used in the present invention. 

[0090] The inventors have conducted animal experiments to confirm the 

efficacy of the above-described methods. Using twenty anesthetized pigs, 
attempts were made to position both an infusion guide wire and a leading 
guide wire into the pericardial space using a femoral vein or a jugular vein for 
access. Pericardial access was documented by fluoroscopic imaging and 
pericardial fluid sampling. The results of the fluoroscopic imaging were 
similar to the results described above in the discussion of FIGS. 5-8 in that 
advancement of infusion guide wire 1002 and leading guide wire 1003 were 
accurately monitored by a clinician. 

[0091] Pericardial access was successfully accomplished in all animals with 

no internal bleeding and no complications. Placement of guide catheter 401 
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into position over the venous route to the right atrium took approximately five 
minutes. Once guide catheter 401 was in position, placement of infusion 
guide wire 1002 and leading guide wire 1003 into the pericardial space was 
successfully accomplished in all animals within three additional minutes. 
After the procedure was performed on the animals they were allowed to 
recover from anesthesia. For histopathologic analysis, ten animals were 
sacrificed twenty four hours following the procedure and ten animals were 
sacrificed two weeks following the procedure. Mean pericardial hematocrit 
was 1% at initial sampling, 4.5% at twenty four hours, and 0.5% at two weeks. 
There were no hemodynamic or electrocardiographic changes during or after 
the procedure. At twenty- four hours, there was local inflammatory reaction in 
the atrial wall and a small thrombus at the site of puncture. At two weeks, no 
significant inflammatory changes or pericarditis were evident. Accordingly, 
the preclinical safety of the above described method to access a normal 
pericardial space for the purpose of diagnostic sampling and local cardiac drug 
delivery was demonstrated. This procedure was tolerated both immediately 
and up to two weeks following the procedure, and was intrinsically devoid of 
adverse complications. Further advances in the field of intrapericardial 
therapeutics and diagnostics will direct the clinical application of this novel 
method in human subjects. 

The inventors have discovered that a preferred system is realized by 
disposing leading guide wire 1003 within the lumen of infusion guide wire 
1002 and protruding the distal end of leading guide wire 1003 approximately 
2mm out of the distal end of infusion guide wire 1002, as discussed above. 
Accordingly, in the preferred method both infusion guide wire 1002 and 
leading guide wire 1003 are used to transvenously access the pericardial space 
to perform a medical procedure on the heart. One of the important reasons for 
using the two guide wire system is to produce a device that has the suitable 
stiffness and sharpness to penetrate the wall of right auricle 108, and sufficient 
flexibility to not damage the epicardium and/or pericardium of a patient's 
heart. By effectively increasing the stiffness of the leading guide wire 1003, 
infusion guide wire 1002 assists leading guide wire in its piercing function. 
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Additionally, the two guide wire system is inexpensive to produce. Further, 
use of the two guide wire system is efficient because it reduces the total 
number of steps and accordingly the total amount to time required to perform 
a medical procedure. For example, once the wall of right auricle 108 is 
pierced, infusion guide wire 1003 can be quickly advanced into the pericardial 
space to be used for performing many of the medical procedures discussed 
above (e.g., the removal of a substance from or delivery of a substance to the 
pericardial space). Therefore, in the preferred embodiment infusion guide 
wire 1003 is always used. 

[0093] The two guide wire embodiments discussed above also provide a safe 

method of accessing the pericardial space. This is because of the tangential 
introduction of relatively small (in diameter) and flexibile guide wires 1002, 
1003 across the right atrial appendage and into the pericardial space minimizes 
the risk of coronary laceration and myocardial perforation. Additionally, the 
small diameter and flexibility of leading guide wire 1003 also adds a margin 
of safety when the wall of right auricle 108 is pierced. 

[0094] In yet another embodiment, a single guide wire having the correct 

characteristics can be used to pierce the wall of right auricle 108. Preferably 
such a single guide wire would include a lumen that can be used for delivery 
of a substance to or removal of a substance from the pericardial space. When 
using such a single guide wire approach, the piercing of the wall of right 
atrium 108 can be accomplished by applying an axial force to the distal 
portion of the single guide wire, or by urging the distal tip of the single guide 
wire against the atrial wall and allowing the mechanical beating motion of the 
heart to cause the piercing. 

[0095] The inventors note that all of the above discussed advantages may not 

be realized with such a single guide wire approach. For example, a guide wire 
that is sufficiently small for penetration may not have a sufficiently large 
lumen for effectively delivering a substance to or removing a substance from 
the pericardial space. Thus, if a single guide wire were advanced through 
guide catheter 401 and into the pericardial space, an additional step of 
advancing an aspiration or delivery catheter over leading guide wire 1003 may 
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be necessary. This would add an additional step and thus take additional time. 
Further, a single guide wire that is not disposed within another guide wire 
would not have the optimal stiffness and thus may not pierce the wall of right 
atrium 108 as easily. 

Conclusion 

[0096] Although the invention has been described and illustrated with a 

certain degree of particularity, it is understood that those skilled in the art will 
recognize a variety of applications and appropriate modifications within the 
spirit of the invention and the scope of the claims. 



